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Effect of different surface pretreatments and adhesives on the load-bearing capacity of 
veneered 3-unit PEEK FDPs  
    
ABSTRACT  
Statement of problem. Polyetheretherketone (PEEK) can be used as a framework material 
for fixed dental prostheses (FDPs). However, information about the fracture load of veneered 
PEEK FDPs is still scarce. 
Purpose. The purpose of this in vitro study was to investigate the influence of different 
PEEK surface pretreatments and adhesive systems on the fracture load of 2 differently 
veneered FDPs. 
Material and Methods. Four-hundred-eighty anatomically shaped 3-unit PEEK frameworks 
were milled, airborne-particle-abraded with 50-µm alumina powder, and divided into 4 
groups according to the following surface pretreatment (n=120): Plasma treatment (A), 
etching with either sulfuric acid (B), or piranha solution (C), and no further treatment (D). All 
groups were then allocated to 4 conditioning groups: visio.link (VL), Ambarino P60 (AP), 
Signum PEEK Bond (SP), or no conditioning (CO). They were veneered with Signum 
Composite (SCO; n=15) or Signum Ceramis (SCE; n=15). Upon completion, the FDPs were 
thermally aged, and fracture loads and failure types were determined. Statistical analysis was 
performed with 3/2/1-way ANOVA with the post hoc Tukey HSD test (α=.05).  
Results. The highest fracture loads were achieved without treatment in combination with VL 
(737 ±138 N). The lowest values were obtained after piranha acid etching and conditioning 
with VL (277 ±71 N); both groups were veneered with SCO. The results, however, indicated 
no clear influence of either pretreatment or conditioning. With few exceptions, FDPs 
veneered with SCO showed higher fracture load values as compared with SCE. After 
thermocycling, all FDPs showed cracks in the veneering composite resin material in the 
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pontic region, regardless of the PEEK pretreatment or the adhesive system used. After 
loading, no fractures of the PEEK frameworks were evident in any FDPs, but chipping of the 
veneering material was observed.   
Conclusions. With respect to the fracture types after thermocycling, pretreatment, 
conditioning, or veneering resin cement did not affect the fracture results.  
 
CLINICAL IMPLICATIONS  
Within the limitations of this in vitro study, the conventional veneering method with 
composite resin should not be used for PEEK FDPs.  
 
INTRODUCTION 
 Polyetheretherketone (PEEK) is a high-temperature polymer of the family of 
polyaryletherketone (PAEK).1,2 It is a semicrystalline thermoplastic, consisting of an 
aromatic backbone molecular chain, interconnected by ketone and ether functional groups.3 
PEEK is used in various medical applications because of its excellent chemical, mechanical, 
and thermal properties, expressed by its high strength combined with adequate milling and 
grinding properties.4 In dentistry, PEEK is used for interim abutments, implant-supported 
bars, clamp material, and dental implants.5 PEEK-blanks have a greyish/brown or pearl 
white, opaque color and are unsuitable for monolithic esthetic dental restorations, especially 
for the anterior region. Thus, veneering is required, but bonding to veneering composite resin 
materials remains a challenge because of the complex chemical structure of PEEK. 
Some studies have investigated the bonding characteristics of PEEK and composite 
resins,3,4,6-14 and several studies have reported that a surface pretreatment using sulfuric acid 
improved the bond strength to composite resin materials.3,4,6,13 Some studies also assessed the 
bond strength of resin cements after etching with piranha solution.8,9,11,15 These studies, 
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however, reported conflicting results: While some studies observed no effect of piranha acid 
etching on the bond properties,8,9,15 one investigation reported higher bond strength, 
especially when applying an adhesive on airborne-particle-abraded and piranha-etched PEEK 
as compared with etching alone.11 In addition, the influence of different adhesives on bond 
strengths to PEEK has also been investigated.7-10,12,14,15 Most studies showed that MMA-
based adhesive materials were able to establish an adequate bonding to PEEK.7-9,12,15 One 
study observed the highest and most durable bond strength to PEEK after pretreatment with 
silica coating and conditioning with primer.16 Overall, the reported results showed 
comparable values with those obtained with ceramic, composite resin, or metal alloy 
framework materials.17,18 
The main problem of achieving adequate bond strengths between PEEK and 
composite resin still remains given the poor wetting capabilities of PEEK. To date, airborne-
particle abrasion and etching still represent valuable methods of improving the wettability of 
PEEK.3 Plasma treatment offers another approach to raising the wettability of materials and 
could be an alternative approach to ensure higher bond strength to resin materials.19,20 Plasma 
is an ionized gas with essentially equal density of positive and negative charges, whereas an 
alternating electrical field at microwave or radio frequencies to electrodes can applied by 
using the latter. A new surface layer is then built through excited molecules that will excite 
other species, which leads in a chemical way to an interaction with the surface.21  
FDPs created with computer-aided design/computer-aided manufacturing 
(CAD/CAM) showed lower deformation and higher fracture load than pressed ones.22 A 
study examining nonveneered 3-unit PEEK frameworks with a rather small connector 
diameter of 7.4 mm2 showed a deformation of the FDPs at 1200 N and fracture in the 
connector of the FDPs at 1385 N.3 If 400 N is considered the average maximum mastication 
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force in the load-bearing posterior area,23 the laboratory results are increased by at least a 
factor of 2.3,24 Therefore, PEEK was suggested as a material for FDPs. 
The present study examined the fracture load of anatomically shaped and veneered 3-
unit FDPs after different pretreatments in combination with different adhesive conditioning 
methods. With regard to the pretreatment regimen, no data are available regarding plasma, 
sulfuric acid, or piranha solution pretreatment. The null hypothesis was that the PEEK 
surface pretreatments, adhesive systems, and veneering materials used not influence 
restoration stability in terms of fracture resistance. 
 
MATERIAL AND METHODS 
 A 3-unit anatomic abutment master model extending from a canine to a second 
premolar was made by laser sintering Co-Cr-Mo alloy (Ceramill NP L; Amann Girrbach 
AG). The master model was scanned to design an anatomic 3-unit FDP framework (3 Shape; 
Wieland+Dental). The latter displayed a 1-mm circular edge, a deep chamfer, and a concave 
base of the pontic. The width of the connector area was 3.2 mm and the height 4.5 mm. The 
thickness of the PEEK framework crown was 0.6 mm.  Based on this master design, 480 
standardized frameworks were milled (ZENO TEC 4030 M1; Wieland+Dental) from 
Dentokeep PEEK Disc (nt-trading, Lot.No: 11DK14001), airborne-particle abraded with 50-
µm alumina powder for 45 seconds at 0.2 MPa at a 45-degree angle from a distance of 10 
mm (basic quattro IS, Renfert), and subsequently cleaned in an ultrasonic bath with distilled 
water for 5 minutes (L&R Transistor Ultrasonic T14). The study design is shown in Figure 1. 
The specimens were divided into 4 pretreatment groups (n=120/group): (A) Plasma 
treatment using cold active inert helium gas plasma with a helium purity grade of > 99.99 
(Piezobrush PZ1; Reinhausen Plasma) for 60 seconds at a pressure of 0.2 MPa from a 
distance of 10 mm directly before the veneering process, (B) etching with either sulfuric acid 
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(98%, Merck) for 60 seconds, (C) piranha solution for 30 seconds or (D) no further treatment 
(control group;). The piranha solution was made with sulfuric acid (98%) and hydrogen 
peroxide (30%) in the ratio of 3:1 immediately before the etching process (Table 1). 
These pretreated groups were allocated to 4 conditioning groups (n=30/group): 
visio.link (bredent; Lot.No 114784), Ambarino P60 (Creamed; Lot.No 2011004057), Signum 
PEEK Bond (HeraeusKulzer, Bond I: Lot.No 010121, Bond II: Lot.No 010110), or no 
conditioning as the control group. Whereas visio.link was applied on the PEEK surface and 
immediately light polymerized at 220 mW/cm2 for 90 seconds (Brelux Power Unit; bredent), 
Ambarino P60 was applied and left for 120 seconds.  Signum PEEK Bond I was applied and 
vaporized for 10 seconds; thereafter, Bond II was applied and light polymerized at 225 
mW/cm2 for 90 seconds (HiLite Power; HeraeusKulzer). 
A waxing was prefabricated on a PEEK framework as follows: In the middle of the 
pontic, a mold was formed by using a metal ball with a diameter of 6 mm placed centrally. In 
this way, 3 points of contact for the later placement of the FDP during the fracture load test 
could be created. Silicone moldings were then produced on the basis of the waxing on the 
metal master model, allowing for a standardized and reproducible anatomic shape 
performance. After the application of the veneering composite resin on the PEEK framework, 
the silicone molding was superimposed and excess material was removed. The metal 
abutment model was removed, and the application at the edges was controlled. The occlusal 
thickness of the veneering material was set at 1 mm. 
For the veneering, the following were used: Signum Composite (HeraeusKulzer, 
Lot.No: 010506) or Signum Ceramis (HeraeusKulzer, Lot.No: VP 090712; n=15/subgroup). 
Both materials were polymerized for 90 seconds with HiLite Power (HeraeusKulzer). 
Afterward, the veneered FDPs were finished and polished (OPAL L; Renfert, Lot.No: 520-
0001; MBH 13 200; Polirapid) by 1 blinded operator (H.T.). All FDPs were then 
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thermocycled (Thermocycler THE 1100; SD Mechatronik) from 5°C to 55°C with a dwell 
time of 20 seconds for 5000 cycles. Thereafter, FDPs were adhesively cemented on the 
airborne-particle abraded rigid Co-Cr-Mo alloy abutment models with Variolink II Base 
(Ivoclar Vivadent, Lot.No R46653) and Variolink II Catalyst (Lot.No R42290) using a 
standardized load of 4.9 N for 10 minutes and stored in distilled water at 37°C for 48 hours. 
 The FDPs were positioned and loaded (Zwick 1445; Ulm) applying a load with a ball 
of 6-mm diameter at the center of the pontic from the occlusal-gingival direction at a 
crosshead speed of 1 mm/minutes. In order to avoid force peaks, a Teflon foil with a 
thickness of 0.5 mm (Angst+Pfister) was placed between the pontic and the loading jig (Fig. 
2). The fracture load was stopped as soon as the maximum fracture load decreased by 10% 
and the fracture type analyzed.  
 Twenty-eight specimens were prepared by cutting the PEEK blank into 10×10×3 mm 
pieces under water-cooling (Secotom-50; Struers). The specimens were polished (Tegramin-
20; Struers) with a series of silicon carbide papers (SiC) up to P2400 under constant water-
cooling for 10 seconds. Subsequently, the PEEK surfaces were airborne-particle abraded and 
pretreated (plasma, sulfuric acid, piranha acid, and untreated) as described above 
(n=6/group). Surface roughness was profilometrically examined 3× vertically/3× horizontally 
with a measuring track of exactly 6 mm and 0.25 mm distance between each track (M400 
V3.11-11 – SD26 V1.02-15; Mahr) (n=6/group). For the assessment of surface modification 
after pretreatment, the specimens (n=1/group) were assessed with scanning electron 
microscopy (SEM) (Carl Zeiss Supra 55 VP Gemini; Carl Zeiss). The specimens (exception 
plasma treated) were ultrasonically cleaned for a further 5 minutes and stored in a desiccator 
for 7 days (Memmert U30 type with Roth Silica Gel Orange; Carl Roth) at a constant 
temperature of 24°C. Subsequently, the specimens were gold-palladium spattered, and the 
surface was evaluated with a working distance of 4 to 7 mm at 10 kV. 
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 The normality of data distribution was tested with the Kolmogorov-Smirnov test 
(α=.05) (SPSS v22; SPSS Inc). Three-way ANOVA was used to investigate the influence of 
different factors (PEEK pretreatment, adhesive systems, veneering composite resin). In order 
to explain the 3-way interaction, 2-way ANOVA for each level of PEEK pretreatment factor 
was computed. In addition, the 1-way ANOVA with 1 factor containing 32 levels (4 PEEK 
pretreatment × 4 adhesive systems × 2 veneering composite resin) was used. Where 
necessary the Tukey HSD post hoc test was used.	  
 
RESULTS 
 The Kolmogorov-Smirnov showed no violation of the assumption of normality 
(except 1 of 32 groups; 1/32 = 3.1% < 5%). The 3-way interaction (PEEK treatment versus 
the adhesive system versus veneering composite resin) and all 2-way interactions were 
significant (P=.012, P<.001, respectively) (Table 2). The 2-way interaction obtained for each 
level of PEEK pretreatment factor was as follows: plasma P=.006, sulfuric acid P=.521, 
piranha acid P<.001, and without pretreatment P=.019. 
 Within the Signum Composite groups, an influence of PEEK treatment was observed 
among conditioned groups with visio.link (P<.001), Ambarino P60 (P=.048) and 
nonconditioned (P<.001) FDPs. Among these groups, FDPs etched with piranha showed 
lower fracture loads than plasma treated ones. The highest fracture loads were observed for 
the untreated groups (Table 2). In contrast, within the FDPs conditioned with Signum PEEK 
Bond, no impact of surface pretreatment was observed (P=.974). 
Within FDPs veneered with Signum Ceramis, which were conditioned with visio.link, 
plasma treated groups showed higher fracture loads than groups without treatment, sulfuric 
acid, and piranha acid etched groups (P=.028). The remaining veneered with Signum 
Ceramis groups did not affect the PEEK treatment (P=.822).  
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 Signum Composite: FDPs treated with plasma (P=.175) and sulfuric acid (P=.123) 
had no effect on the adhesive system used. Within the piranha-etched groups, conditioning 
with visio.link resulted in lower fracture loads than for untreated groups (P<.001). Within the 
nonpretreated groups (P<.001), conditioning with Signum PEEK Bond showed the lowest 
fracture load values, followed by Ambarino P60. The group conditioned with visio.link 
presented the highest fracture load.  
Signum Ceramis: Within plasma treated groups, FDPs conditioned with visio.link 
showed higher fracture loads as compared with the Signum PEEK Bond and no conditioned 
group (P=.011). FDPs etched with sulfuric acid (P=.123) and piranha solution (P=.766) and 
nonpretreated specimens (P=.233) had no effect on the adhesive system used. 
 Within the plasma pretreated groups, the main reason for interaction (P=.006) 
between the adhesive systems and veneering composite resin was an increase in the fracture 
load from Signum Composite to Signum Ceramis in contrast with all other tested adhesive 
systems where a decrease was observed. Within the sulfuric acid etched groups, no 
interaction (P=.521) was found. Signum Ceramis showed lower fracture load values than 
Signum Composite (P<.001). 
Within FDPs etched with piranha acid, the main reason for interaction was a different 
behavior for nonconditioned PEEK surfaces where a strong decrease in fracture load between 
Signum Composite and Signum Ceramis was observed. In contrast, within remaining 
adhesive systems, no differences were found (P>.071). Within nonpretreated and conditioned 
using visio.link, Ambarino P60, or nonconditioned FDPs, showed Signum Composite higher 
fracture load than Signum Ceramis (P<.001). Among Signum PEEK Bond no impact of 
veneering material was found (P=.999). 
After thermocycling, FDPs showed cracks in the veneering composite resin in the 
pontic region (Fig. 3A), regardless of the PEEK pretreatment or the adhesive system used. 
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The tested FDPs showed no fractures of the PEEK frameworks after the loading test; 
however, chipping of the veneering composite resin was seen (Fig. 3B).  
 The airborne-particle-abraded surfaces and PEEK without additional pretreatment 
showed the highest surface roughness values (P<.001). The surface roughness of the 
remaining pretreatment groups were in the same statistical range of values (Fig. 4). The SEM 
images confirm this statement (Fig. 5). 
 
DISCUSSION 
 In general, all tested pretreatment methods and/or additional application of adhesives 
on PEEK surfaces affected the fracture load results. However, no clear pattern could be 
identified because of significant interactions. Therefore, the tested null hypothesis that 
treatment application with/without adhesives do not affect the fracture load of veneered 3-
unit PEEK FDPs was rejected. Another study tested the bond strength between plasma treated 
PEEK surfaces and composite resins and also reported no effect on plasma treatment.7 
However, the authors observed an improvement on bond strength after application of MMA-
based adhesive materials (Signum PEEK Bond and visio.link). Studies showed that treatment 
using silica coating and using multifunctional acrylates containing primer resulted in durable 
bonding to PEEK surfaces.12,16 In this study, no further pretreatment after airborne-particle 
abrasion and adhesive treatments using visio.link in combination with Signum Composite 
showed the highest fracture load results. In contrast, groups etched with piranha acid and the 
application of visio.link led to lower fracture load values as compared with other groups. In 
general, PEEK has a very inert surface with a low absorption of water and is highly resistant 
to organic and inorganic chemicals. One study investigated the work of adhesion between 
different pretreated PEEK and composite resins.24 The authors reported that adhesion values 
ranged between 95 and 108 mN/m, depending on the combination tested. However, it was 
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difficult to interpret which chemical bindings, on a molecular level, have been achieved 
between the composite resin cements and the activated PEEK surface. 
For the specific use of low-density cold active inert gas plasma on small areas as in 
dentistry, a plasma pen was designed in the size and form of a dental handpiece.19 In general, 
low-pressure gas plasma shows 4 effects on surface chemistry: surface cleaning, 
microetching, surface activation, and ablation.21 One study has examined the impact of 
plasma with cold active inert argon gas for 20 seconds (0.2 MPa) at a distance of 10 mm on 
adhesion between PMMA and composite resin cements.19 Another study examined the 
influence of plasma pretreatment between PEEK surface and self-adhesive resin cements 
with the same parameters and reported no effect.7 In the latter study, different plasma 
treatment parameters were tested, such as different plasma treatment times (5 to 120 
seconds), pressures (0.05 to 0.6 MPa), and different gas (argon/helium),;however, no impact 
on the fracture load results was observed. 
This investigation used 2 different veneering composite resins based on the same 
matrix; however, Signum Ceramis (86 % w/w) was higher filled as compared with Signum 
Composite (74 % w/w). In general, FDPs veneered with Signum Composite tend to result in 
higher fracture loads than those veneered with Signum Ceramis. A possible explanation for 
this is the lower viscosity of Signum Composite as compared with Signum Ceramis; this 
characteristic may have resulted in a better penetration of the veneering materials into the 
micropores created after pretreatment.  
 A previous study examined the fracture load of 3-unit PEEK frameworks without 
veneering and showed a mean fracture load of 1383 N.3 Another study tested the effect of the 
fabrication method of monolithic PEEK FDPs and observed fracture loads ranging between 
1738 and 2354 N.22 In both studies, no aging was performed. In the present study, groups 
without pretreatment and adhesive application with visio.link combined with Signum 
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Composite showed decreased fracture loads of 737 N and even lower results of 277 N were 
observed after etching with piranha acid in combination with visio.link and Signum 
Composite. In relation to physiological mastication forces of 400 N, however, these results 
must be considered as being in the absolutely minimal range.23 PEEK FDPs without 
veneering may exhibit an increased fracture load as compared with veneered FDPs. But since 
the latter remain the clinical reality and benchmark because of esthetics as previously 
mentioned, veneered FDPs should be assessed, especially as they are in complete contrast 
with standard tests with simplified geometric specimens. Using this approach, however, the 
fracture load represents the internal tensile stresses within the FDPs after veneering and 
thermal stress, as well as the bond and flexural strength of the framework together with the 
veneering material, which results in lower fracture load as shown by our results. Thus, 
development and research projects to optimize veneering methods for PEEK remain 
necessary. 
For comparability reasons, all specimens were artificially aged with thermocycling. 
Volumetric changes, mechanical stress, and cracks on the bonding area, especially at the 
edges of the veneering can occur after thermal loading, leading to decreased bond strength 
values. In laboratory studies, long-term storage and thermocycling are often used to test the 
bonding durability.12 All FPDs showed cracks in the veneering composite resin during the 
thermocycling, regardless of the pretreatment, adhesives, or veneering composite resin used. 
The cracks may be caused by thermal stress, due to the different elastic moduli and thermal 
expansion coefficients of PEEK and the veneering material.  
In this study, the connector area was set at 14.5 mm2, while the veneered connector 
area was set at 24.3 mm2. As no fractures of the PEEK frameworks were observed, higher 
fracture loads were obtained by reducing the diameter of the connector area of the 
framework, leading to a thicker shift and therefore a higher fracture load of the veneering 
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material. Fracture load depends upon the thickness of the veneering should be examined in 
further studies as one investigation showed that the fracture load of ceramic FDPs depended 
on the connector dimensions; that is, the fracture load increased with a higher connector 
diameter. However, in that study, no veneering was performed.27 The latter studies also used 
alloy abutments for the fracture load test.3,26 The fracture loads of FDPs was also shown to 
depend on the rigidity of the mounting, and the materials and elastic modulus of the 
abutments therefore influenced the fracture loads; that is, the higher the elastic modulus of 
the abutment model, the higher the fracture load. The fracture loads of FDPs decreased on 
rigidly mounted abutments as compared with those non-rigidly mounted.27 Non-rigidly 
mounted abutments with an elastic modulus resembling natural teeth behave similarly to 
those in the clinical situation.28,29 Therefore, the fracture loads on dentin abutments would 
result in lower values, which is critical, given the already lower results of veneered FDPs as 
compared with anatomic PEEK restorations. A major difference of this particular study from 
the clinical setting is that FDPs were bonded to alloy abutments. The increased thermal 
conductivity of the metal will alter the thermocycling so it no longer mimics the clinical 
situation. Therefore, aging of the FDPs on such alloy abutments (metal retains heat or cold) 
would falsify the results. Therefore, we decided to age the FDPs before the cementation 
process to stress the material thermally. This is a limitation of our study. 
 
CONCLUSIONS 
Within the limitations of this laboratory study, the following main conclusions can be drawn: 
1) PEEK treatment and conditioning did not increase the fracture load results.  
2) Fracture load resistance of PEEK as a framework seems sufficient for clinical application. 
3) The cracks during thermocycling suggest that the veneering method with conventional 
veneering composite resin is not appropriate for PEEK frameworks. 
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4) Further laboratory investigations and clinical studies and an optimization of the veneering 
process are necessary.  
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TABLES 
Table 1. Summary of tested materials, manufacturers, and compositions. 
 
Material Product 
Name 
Manufacturer Composition 
PEEK Dentokeep 
PEEK 
nt-trading Polyetheretherketone, 20 wt% titanium oxide 
Pre-
treatment 
 
Plasma 
Piezobrush 
 
Piezobrush Helium gas plasma 
Sulfuric acid Merck 98% sulfuric acid 
Hydrogen 
peroxide for 
mixture of 
piranha 
solution 
Apotheke 
Innenstadt, Ludwig-
Maximiluans 
University, Munich, 
Germany 
30% hydrogen peroxide, medically pure, stabilized 
Adhesive 
system 
visio.link bredent Methylmethacrylate, pentaerythritol triacrylate, photo 
initiators 
Ambarino 
P60 
Creamed Dimethacrylate based on phosphonic and phosphoric 
acid esters 
Signum 
PEEK Bond  
Heraeus Kulzer Bond I: bifunctional molecules based on phosphoric 
acid esters and thiol compounds 
Bond II: methylmethacrylate, 
polymethylmethacrylate, photo initiators 
Veneerin Signum Heraeus Kulzer Multifunctional methacrylic acid esters, photo 
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g 
composit
e resin 
Composite 
Dentine A3 
 initiators, stabilizing agents, inorganic pigments  
Fillers: 74 wt%: silicon dioxide, rheologically active 
type of silicon dioxide, splittered pre-polymer 
Signum 
Ceramis 
Dentine A3 
Multifunctional methacrylic acid esters, photo 
initiators, stabilizing agents, inorganic pigments 
Fillers: 86 wt%: silicon dioxide, inorganic fillers 
  
 	  
20 
Table 2. Three-way ANOVA results for comparison of fracture load with different 
pretreatment methods, use of different adhesive systems, and veneering with different 
composites resin. 
 
 sum of 
squares 
Df Mean squares F P 
constant parameters 97028428 1 97028428 5885 <.001 
PEEK treatment 1501985 3 500662 30 <.001 
adhesive system 316032 3 105344 6 <.001 
veneering composite resin 858863 1 858863 52 <.001 
PEEK pretreatment × adhesive 
system 
870613 9 96735 6 <.001 
PEEK pretreatment × veneering 
composite resin 
404981 3 134994 8 <.001 
adhesive system × veneering 
composite resin 
360419 3 120140 7 <.001 
PEEK pretreatment × adhesive 
system × veneering composite resin 
353672 9 39297 2 .012 
error 7386414 448 16488   
total 10908140
6 
480    
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Table 3. Descriptive statistics of fracture load [N] for each tested group. 
 
 Adhesive system Signum Composite Signum Ceramis 
mean (SD) 95% CI mean (SD) 95% CI 
with 
plasma 
visio.link 487 (141)a (407;565) 558 (132)b (483;631) 
Ambarino P60 552 (133)a (477;626) 406 (93)ab (353;458) 
Signum PEEK Bond 489 (146)a (407;571) 427 (122)a (357;495) 
without 515 (105)a (456;574) 406 (120)a (338;473) 
with 
sulfuric 
acid 
visio.link 425 (61)a (389;459) 371 (175)a (273;469) 
Ambarino P60 469 (121)a (401;537) 323 (115)a (257;387) 
Signum PEEK Bond 464 (99)a (408;519) 393 (115)a (328;457) 
without 511 (150)a* (426;594) 420 (150)a (335;504) 
with 
piranha 
solution 
visio.link 277 (71)a (237;317) 398 (133)a (323;473) 
Ambarino P60 383 (125)ab (313;453) 335 (112)a (271;397) 
Signum PEEK Bond 393 (77)ab (348;436) 399 (157)a (310;487) 
without 472 (79)b (427;517) 341 (112)a (277;403) 
without 
pre-
treatme
nt 
visio.link 737 (138)c (659;814) 513 (152)a (428;597) 
Ambarino P60 562 (205)ab (447;676) 382 (128)a (310;454) 
Signum PEEK Bond 421 (168)a (327;515) 389 (124)a (319;459) 
without 713 (127)bc (642;784) 457 (108)a (395;517) 
 
a,b shows significant differences according to 1-way ANOVA, followed by post hoc Scheffé 
test between conditioning groups within one veneering resin and one pre-treatment group, 
separately  
* nonnormally distributed groups 
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LEGENDS 
Fig. 1. Study design, division of specimens according to different pretreatments, veneering 
composite resin, and adhesive systems. 
 
Fig. 2. Veneered PEEK FDPs positioned in universal testing machine with Teflon foil 
between pontic and loading jig. 
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Fig. 3. Failure types. A, After thermal cycling. Cracks in veneering composite resin.  B, After 
fracture load measurements. Adhesive failures between PEEK framework and veneering 
composite resin.  
  
Fig. 4. Surface topography. A, After plasma treatment. B, Etched with sulfuric acid. C, 
Etched with piranha solution. D, Untreated PEEK surface (×50 000  magnification). 
 
 
 
Fig. 5: Boxplot of surface roughness values after different pretreatments of airborne-particle 
abraded PEEK surfaces.  
 	  
24 
 
 
 
